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(54) Automated occlusion clamp for centrifugal blood pumps 



(57) Retrograde flow in an extracorporeal blood cir- 
cuit using a centrifugal blood pump 17 is prevented by 
passing the blood line through a normally-closed pow- 
ered occlusion clamp 30, and opening the clamp in 



response to powering of the pump or, preferably, in 
response to the sensing of forward blood flow in the 
extracorporeal circuit. 
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Description 

[0001] This invention relates to heart-lung 
machines, and more particularly to an automatic occlu- 
sion clamp that prevents retrograde blood flow through 
a centrifugal blood pump. 

[0002] In a typical heart-lung machine of the type 
used in open-heart surgery, an extracorporeal blood cir- 
cuit is established from the patient's venous system 
through a venous reservoir, a blood pump and an oxy- 
genator to the patient's arterial system. This circuit 
takes over the function of the patient's heart and lungs 
while the patient's heart is stopped for the surgery. 
[0003] The blood pump in the extracorporeal circuit 
is typically either a roller pump or a centrifugal pump. An 
advantage of the roller pump is that the blood line is 
always occluded at some point in the pump, so that 
there can be no retrograde blood flow in the circuit when 
the pump is stopped. A disadvantage is that a roller 
pump can convey air boluses through the line. Such air 
boluses need to be dealt with separately in order to 
avoid serious injury or death of the patient. 
[0004] Centrifugal pumps, on the other hand, do not 
convey air boluses through the circuit. If an air bolus is 
applied to the intake of a centrifugal pump, the pump 
deprimes and needs to be reprimed and restarted. 
Because of this safety factor, centrifugal pumps are the 
preferred choice of many perfusionists. 
[0005] A problem with centrifugal pumps is that they 
do not occlude the line, and that consequently, retro- 
grade blood flow through the pump is possible when the 
pump is stopped, due to the pressure head in the 
patient's arterial system. Such a retrograde flow drains 
blood from the patient and is medically unacceptable. 
[0006] Retrograde flow through a centrifugal pump 
has been averted in the prior art by inserting into the 
extracorporeal circuit a one-way duckbill valve. The use 
of such a valve, though effective, does have two disad- 
vantages: first, the shape of a duckbill valve causes tur- 
bulence at the exit end of the valve and thereby causes 
some hemolysis; and second, the duckbill valve, 
because it is part of the extracorporeal circuit, is a sin- 
gle-use item and therefore adds to the cost of patient 
disposables. 

[0007] The present invention overcomes the above- 
described deficiencies of the prior art by providing in 
one aspect an extracorporeal blood circuit for heart-lung 
machines, comprising: 

a) a centrifugal blood pump arranged to pump 
blood through said circuit; and 

b) a line of flexible tubing forming part of said circuit; 
characterized by 

c) a power-actuatable clamping device external of 
said line, said device being arranged to normally 
clamp said line to occlude it, and to release said line 
for free blood flow therethrough when actuated; and 

d) a flow sensor arranged to produce a signal indic- 



ative of blood flow through said line, said clamping 
device being actuated only as long as said signal 
indicates forward blood flow through said line. 

5 [0008] According to another aspect, there is pro- 
vided an extracorporeal blood circuit for heart-lung 
machines, comprising: 

a) a centrifugal blood pump arranged to pump 
io blood through said circuit; and 

b) a line of flexible tubing forming part of said circuit; 
characterized by 

c) a power-actuatable clamping device external of 
said line, said device being arranged to normally 

75 clamp said line to occlude it, and to release said line 
for free blood flow therethrough when actuated; and 

d) means for actuating said clamping device when 
said pump is energized. 

20 [0009] The clamp of this invention is designed to 
operate in a fail-safe mode, i.e. it will clamp the line shut 
in the event of a power failure. In combination with con- 
ventional devices that shut down the pump in the event 
of a low blood level condition in the venous reservoir 

25 and/or of the detection of an air bolus, the present 
invention provides a triple-action safety system. 
[0010] Preferred embodiments will now be 
described by way of example only, with reference to the 
accompanying drawings. 

30 

Fig. 1 is a block diagram of an extracorporeal circuit 
using the invention; 

Rg. 2 is a partial block diagram of the perfusionist's 
console; and 

35 Rg. 3 is a schematic diagram of a clamp according 
to this invention. 

[0011] Rg. 1 illustrates the environment in which 
the invention is useful. A patient 10 undergoing open 

40 heart surgery is connected to the extracorporeal circuit 
12 by a venous line 14 which discharges venous blood 
by gravity into a venous reservoir 16. Rltered and 
defoamed cardiotomy blood may also be introduced into 
the reservoir 16 by appropriate equipment (not shown). 

45 The venous reservoir 16 may be equipped with a con- 
ventional level sensor 1 5. 

[0012] Blood is pumped by a pump 17 from the 
venous reservoir 16 into the oxygenator 18 and the arte- 
rial line 20 connected to the patient 10. A conventional 

so air sensor 22 may be connected in the line 24 between 
the reservoir 16 and the pump 17. The level sensor 15 
and the air sensor 22 provide conventional inputs to the 
perfusionist's control console 26. A conventional flow 
sensor 27 preferably connected between the pump 17 

55 and the oxygenator 1 8 also provides an input to the con- 
sole 26. 

[0013] Although the blood pump 17 may be of any 
suitable type, the present invention is useful specifically 



3 



EP 1 086 712 A2 



4 



with centrifugal pumps. These pumps have certain 
advantages that make them desirable in extracorporeal 
blood circuits, but they permit retrograde blood flow 
through the pump when the pump is stopped, and they 
can be deprimed by an air bolus in the blood line. 
[0014] A problem thus arises when a centrifugal 
pump 17 is stopped during open-heart surgery. This 
occurs from time to time, for example when the surgeon 
wants to stop blood flow into the surgical field for a few 
seconds to enhance visibility. At such times, the pres- 
sure head of about 26.7-40 kPa (200-300 mmHg) in the 
patient's arterial system drives oxygenated blood back- 
ward through the extracorporeal circuit 12 unless it is 
restrained from doing so. 

[001 5J With a roller pump, this restraint is automatic 
because a roller pump inherently occludes the line 
when it is stopped. With a centrifugal pump, the prior art 
typically restrained retrograde blood flow by inserting a 
one-way valve, such as a duckbill valve, in the extracor- 
poreal line between the pump 17 and the oxygenator 
18. The disadvantage of this approach was, first, that 
the valve, being part of the blood path in the extracor- 
poreal circuit 12, had to be disposable; and second, that 
the valve created turbulence at its outlet and thereby 
caused some hemolysis. 

[001 6] In accordance with the invention, the in-line 
duckbill valve of the prior art is replaced by a mechani- 
cal clamp 30 external of the flexible tubing which consti- 
tutes the blood line 32. The clamp 30, when actuated, is 
arranged to pinch or clamp the line 32 so as to preclude 
blood flow therethrough. The clamp 30, shown in more 
detail in Fig. 3, is preferably operated electrically but 
may be operated hydrauHcally or pneumatically. As 
shown in Fig, 3, the clamp 30 basically consists of a 
plunger 34 which carries a clamping head 36. The 
clamping head 36 is biased toward a platen 38 by a 
spring 40. The blood line 32 is positioned between the 
head 36 and the platen 38, so that the spring 40 biases 
the head 36 into the position of Fig. 3 in which it 
occludes the flexible tubing of line 32. 
[0017] In the preferred embodiment, the plunger 34 
is mounted in a solenoid 42 so that the head 36 is lifted 
off the line 32 whenever the solenoid 42 is energized. 
The clamp 30 is thus fail-safe in that it occludes the line 
32 in the event of a power failure. Also, the positive 
action of the clamp 30 makes it possible, by appropriate 
control circuitry, to occlude the line 32 under selectable 
conditions other than the onset of retrograde blood flow. 
[0018] The functioning of the inventive apparatus is 
shown schematically in Fig. 2. The perfusionist's control 
console 26 contains the pump 1 7 and a pump control 50 
which responds to signals from the low level shutoff cir- 
cuit 52, the air sensor 22, and the low flow shutoff circuit 
54, as well as to manual commands from the operator 
keyboard 56. A level indicator 58, a flow indicator 60, 
and an air warning light 62 are provided. 
[001 9] When the pump 1 7 is to be started, appropri- 
ate commands are entered on the keyboard 56. These 



commands set the pump speed and momentarily over- 
ride the low flow shutoff circuit 54 so that the pump 17 
can start and the clamp 30 releases the blood line 32. 
As the flow sensor 27 now senses blood flow, the low 
5 flow shutoff 54 is deactivated, and the clamp 30 remains 
retracted and clear of the line 32. 

[0020] If positive blood flow in the line 32 now 
ceases, either because the pump 17 has been stopped 
by the perfusionist or by the action of low level shutoff 52 

w or air sensor 22, or because a blockage has occurred 
downstream, the low flow shutoff circuit 54 becomes 
activated and cuts the power to both the pump (if it is still 
on) and to the solenoid 42. This causes the clamp head 
36 to move against the platen 38 under the action of 

J5 spring 40. Thus, the line 32 is squeezed between the 
head 36 and the platen 38, and the line 32 is occluded 
against retrograde blood flow into the pump 17. 
[0021] Because the components of clamp 30 are 
entirely outside of the blood path in line 32, the clamp 30 

20 need not be disposable. Furthermore, while the pump 
1 7 operates, clamp 30 does not constrict nor otherwise 
affect the flexible line 32, so that the blood path remains 
clear and free of hemolysis-promoting obstructions. 

25 Claims 

1. An extracorporeal blood circuit for heart-lung 
machines, comprising: 

so a) a centrifugal blood pump (17) arranged to 

pump blood through said circuit; and 

b) a line of flexible tubing (32} forming part of 
said circuit; characterized by 

c) a power-actuatable clamping device (30) 
35 external of said line, said device being 

arranged to normally clamp said line to occlude 
it, and to release said line for free blood flow 
therethrough when actuated; and 

d) a flow sensor (27) arranged to produce a sig- 
40 nal indicative of blood flow through said line, 

said clamping device (30) being actuated only 
as long as said signal indicates forward blood 
flow through said line. 

45 2. The circuit of Claim 1, in which said clamping 
device (30) is spring-biased into line-occluding 
position, and is movable into a line releasing posi- 
tion in response to said signal indicating positive 
blood flow through said line (32). 

50 

3. The circuit of Claim 3, in which said clamping 
device (30) is electrically operated. 

4. An extracorporeal blood circuit for heart-lung 
55 machines, comprising: 

a) a centrifugal blood pump (17) arranged to 
pump blood through said circuit; and 
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b) a line (32) of flexible tubing forming part of 
said circuit; characterized by 

c) a power-actuatable clamping device (30) 
external of said line, said device being 
arranged to normally clamp said line to occlude 5 
it, and to release said line for free blood flow 
therethrough when actuated; and 

d> means (42) for actuating said clamping 
device when said pump is energized. 

10 

A method of preventing retrograde blood flow 
through a centrifugal pump (17) in an extracorpor- 
eal blood circuit including a flexible blood line (32), 
comprising the steps of: 

15 

a) providing a clamp (30) configured to selecta- 
bly damp said flexible blood line (32); 

b) sensing blood flow through said line (32); 
and 

c) automatically clamping said line to occlude it 20 
when no forward blood flow through said line is 
sensed. 



A method of preventing retrograde Wood flow 
through a centrifugal pump (17) in an extracorpor- 25 
eal blood circuit including a flexible blood line (32), 
comprising the steps of: 



a) selectively powering said centrifugal blood 
pump (17); and 30 

b) automatically clamping said line (32) when 
said Wood pump- is not powered. 
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